Abstract
Introduction

27
The annual energy demand in the building sector in Norway represents about 40 % of 28 the total national energy use, of which 22 % goes to residential sector and 18 % to the non-29 residential sector [1] . In residential buildings, space heating (SH) and domestic hot water which states that by 2020 new buildings in the EU will have to use 'nearly zero' energy and 36 the energy will be 'to a very large extent' from renewable sources [3] . The development of 37 energy systems that improve the integration between renewable energy sources and thermal 38 requirements, while guaranteeing a comfortable indoor climate is crucial. 39 Earlier studies have defined methods to calculate the energy use in a ZEB [4, 5] . A 40 building may be characterized as a ZEB when it is able to export excess energy, generated by 41 photovoltaic (PV) modules for instance, to the grid and achieve an annual net balance 42 between demand and supply. In Norway, the minimum requirements of energy efficiency for 43 a ZEB single-family dwelling are stated in the standard describing the requirements for 44 passive houses and low energy buildings [6] . Passive residential buildings are characterized 45 by an enhanced building envelope, where the consequence is reduced specific design power 46 demand (W/m 2 ), reduced annual specific energy demand (kWh/m 2 year), and an increased 47 share of annual heat demand for DHW. In passive residential buildings for instance, the hot 48 water demand represents 40 -85 % of total annual heating demand [7] . Developing 49 sustainable solutions for DHW systems based on solar energy is therefore highly relevant.
50
In Norway, the sun provides 1 500 times more energy than what is used [8] . 
Energy supply system
170
The analyzed energy supply system is shown in Figure 2 , which consists of a GSHP, exchanger.
175
The flat plate solar collectors were used in the system. The tilt angle of collectors 176 should be 19° facing the south-east. The heat-transfer fluid is a 33 % mixture of glycol-water.
177
The brine to water GSHP had a heating rate of 3 kW and a COP of 4.6 as given in the heat 178 pump documentation. The condenser heating rate of the EAHP was set to 1.2 kW and the
179
COP was set to 3.9, which corresponded to the data from the heat pump. Only one borehole In order to achieve realistic operation conditions for the STCs, a correct schedule for 198 the use of the DHW was defined as shown in Figure 3 . DHW draw-off for a single-family 199 house usually has some peaks during the morning and the evening. Table 3 . The specific heating load for the floor heating in each zone is given in 
Results and discussions
222
The energy supply system illustrated in more electricity is used to cover the space heating demand.
376 Table 7 shows annual solar fraction and specific delivered energy with borehole 377 diameters ranging from 11-16 cm were performed. The initial borehole diameter is 11.5 cm.
378
The amount of net utilized solar energy was the only result affected by the change in borehole The supply air flow rate in the dwelling is initially based on the minimum permitted 386 average air volume flow rate stated in NS 3031, which is 1.2 m 3 /h·m 2 . Figure 14 shows the 387 annual specific delivered energy, as well as the annual average CO 2 -concentration registered 388 in the dwelling. The electrical energy use was considerably reduced when the air volume flow 389 rate was decreased (see Figure 14) . It can be seen that the CO 2 -concentration increases as the 390 supply air flow rate decreased as expected. The CO 2 -concentration presented in Figure 14 was 391 the total CO 2 -concentration and included the outdoor concentration, which was assumed to be Figure 14 shows that the average CO 2 -concentration never exceeded 1000 ppm. 400 However, on a daily basis the registered CO 2 -concentration is higher, and with a volume flow 401 rate of 0.9 m 3 /h·m 2 , concentrations higher than 1000 ppm were found. As the volume flow 402 rate decreased, the local age-of-air in each room increased and the air might be perceived as 403 "heavy" and uncomfortable. The set supply water temperature in the SH system was initially set to 35°C, which 408 ensures that the heating demand is met at all the time. The supply temperatures ranging from 409 28-35°C were simulated, while all other parameters were kept at the initial settings. Table 8   410 shows that by decreasing the supply temperature, the specific delivered energy decreased. In Figure 15 the change in utilized electrical energy, ΔE, is shown in %. If the implemented analysis method together with the integrated energy supply system 453 would be applied to a different building model, a similar trend as in Figure 15 in the 454 electricity use would be noted due to changes of supply air volume, supply air, and zone set 455 point temperatures. Regarding the borehole depth, the trend might be different than in Figure   456 15 for different buildings. 
Conclusions
458
In this study, an integrated energy supply system for the SFD was analyzed, where the 459 combination of the STC, the GSHP, and the EAHP was included. purposes, e.g. heating of a swimming pool. 477 The study showed that the design of the short time storage tank was crucial as well as Tables   Table 1. U-values 
